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ABSTRACT 
 
 The synthesis of the new aryl bis(β-diketone) ligand m-phenylenebis(acetylacetone) (m-
pbaH2) allowed for complexation with copper(II) to form a 4-membered ring Cu4(m-pba)4.  An 
alternate route, via a phospholene adduct, was implemented after difficulties in preparing the 
ligand via an azo sulfide conversion from m-phenylenediamine.  The connection of two m-pba 
ligands coordinated to a Cu(II) metal ion causes a distortion along the axial position of the metal 
center.  The pore has a diameter of (Cu-----Cu = 14.317 Å) when viewing opposite metal centers.  
An open coordination site along Cu(II) axial position may facilitate host-guest binding 
interactions.   The concave shape of the host may allow for molecules with a spherical shape 
such as C60 to favorably interact.  UV-Vis spectroscopy monitored the host-guest binding 
interaction of Cu4(m-pba)4 & C60. 
 
 
 
 
 
 
 
 
 
 
vii
INTRODUCTION 
 Oligomeric molecules can be classified into three distinct architectures: branched, cyclic 
and linear.  We are interested in the physical and chemical properties of nanoscale linear and 
cyclic molecules.  This is because altering the structural composition of supramolecular motifs 
may increase their ability to allow charge (e-) transfer and lead to enhancements in their 
conductivity and molecular magnetism.  The repeating units of metals (nodes) and ligands 
(spacers) of the motif govern architectures of these sites. 
 Goals of this project include the development of ligands that have multiple functional 
groups that can be reacted to form discrete molecular solids such as a hexamer.  The first 
objective is the formation of the ligand m-phenylenebis(acac) m-pbaH2 1.  My 
initial attempt to make the ligand by cleaving azo sulfide substitutents led to 
insufficient products.  Formation of the m-pba ligand proved to be successful 
by an alternate route using phospholene adducts.  In the coordination with m-
phenylenebis(acac) m-pbaH2 we sought a deeper understanding into 
difunctional organic molecules in  which the functional groups are firmly fixed 
in space at  well defined angles.  The organic ligand m-pbaH2 has an angle between its β–
diketone groups of approximately 120o.  We expected this ligand to form a cyclic hexamer 2 
(Figure 2) when reacted with copper(II).  However, the coordination of the organic ligand m-pba 
forms a tetramer 3.  By evaluating the tetramer formed by the m-pba ligand this can give insight 
into the rearrangement of architecture from its initially proposed rigid six membered ring motif.  
Materials were synthesized with coordinating Cu(II), which is paramagnetic having an unpaired  
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Figure 1. Reaction route for forming m-pbaH2 1 & Cu4(m-pba)4  3 
 2
e- in its outer shell.  The synthesis of m-pbaH2 and its Cu complex is summarized in (Figure 1). 
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 Figure 2. Proposed Cu6(m-pba)6 oligomer 2; compound actually prepared is Cu4(m-pba)4, 3 
In the past, conjugated molecular rings have been produced from organic molecules 
which incorporate benzene rings and acetylene groups.3  Interesting metal complexes such as 
macrocyclic porphyrin arrays have been synthesized in the past with conjugated bridging groups 
in order to act as molecular wires.4  The rigid oligomer formed can extend with a diameter of 122 
Å (nonamer) for the longest molecular array produced so far.5  In most linear porphyrin arrays 
formation of an octamer is the furthest extension of the chain.5  Typically porphyrin macrocyclic 
or linear complexes have metal coordination inside of the pyrrole porphyrin cavity and the 
bridging group is formed through a covalent bond (organic molecule).  The approach of this 
project differs in having metals act as the bridging group. 
Porphyrin arrays can act as antennas in the conversion of light (excitation) energy into 
chemical energy.  Macrocyclic porphyrin hexamers are used to mimic properties of light 
harvesting complexes such as photosynthetic purple bacteria.6  These macrocyclic porphyrin 
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arrays are also characterized by intramolecular energy transfer ET which is related to the 
conductivity of the molecule. 
 There have been benzene rings functionalized at the meta position in order to form cyclic 
oligomeric complexes with group fourteen (IVB) metals.  These trinuclear complexes have been 
the focus of forming microporous materials.  The structure is created through metal-directed self-
assembly methods.7,8  The carboxylic acid groups of isophthalic acid are deprotonated and 
reacted with tin (Sn(IV)), forming a trinuclear complex.7
 Supramolecular cyclic structures have been designed in the past for tetranuclear metal 
complexes called molecular squares.9  Molecular squares are 
formed by rigid ligands (edges) that coordinate to transition 
metal ions (corners).  The metal (corners) are accessible for a 
linear rod ligand (edge) to coordinate at a right angle 
(90o).10,11  The metals’ ability to coordinate and form the 
moledcular square is dependent upon the metal geometry 
of accessibility there is to the open coordination 
site.
(octahedral or square planar) and the degree 
ular 
gues 
 rigidity 
 
s 
9  Typically the organic ligand (edge) used was 
4,4’-bipyridyl for most of the earlier work on 
constructing molecular squares 7.   Molec
triangles can be produced by using longer analo
of 4,4’-bipyridyl as in 8.  This suggests that
of the linker (organic ligand) defines the 
architecture of the superstructure to be formed. The flexibility of the 4,4’-bipyridyl analogues
allows the edges to collapse and form a triangular motif.9  These molecular squares and triangle
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have been studied for host-guest interactions.  The presence of an internal pore causes the 
electron’s charge to disperse into the cavity ultimately increasing electroactivity within the 
intramolecular core. 
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EXPERIMENTAL 
 
? Synthesis: bis(phospholane) 6 
 
 This reaction is based on a synthesis path for making a diastereomeric 
bis(dioxaphospholane) from a phospholene adduct.12  Phospholene 4 was prepared by the 
method of reacting equivalent amounts of trimethyl phosphite and 2,3-butanedione.  Preparation 
of this 1:1 adduct was taken from methods described in the literature by Ramirez et al.13  The 
intermediate bis(phospholane) 6 is prepared under reaction conditions similar to those for the 
ortho isomer described by Ramirez et al.14  Phospholene 4 (10.60 g; 0.050 mol) is pipeted into a 
tared 300 mL round bottom flask which has been previously purged with N2 for 1 h.  The flask is 
placed in an ice bath due to the exothermic nature of the experiment.  A neat solution is formed 
by charging isophthalaldehyde (3.382 g; 0.025 mol) into the flask.  Reaction temperature is kept 
to room temperature, ~ 20oC.  The slurry is placed under inert atmosphere (N2) and stirred in an 
ice bath for 2h.  This reaction is judged to be complete when the isophthalaldehyde 1H NMR 
resonances at ~10.2 ppm are no longer visible (4). 
 
31P NMR (CDCl3) (Figure 3): δ -54.1 (s,O-P-O)  
1H NMR (CDCl3) (Figure 4): (a) δ 4.63 (s, 2, O-P-CH), (b) 3.66 (d, 18, P-OCH3), (c) 1.86 (s, 6, 
O=C-CH3), (d) 1.73 (s, 6, O-P-C-CH3), (e) 7.17-7.25 (m, 4, H-C=C) 
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Figure 3. 31P NMR spectrum of bis(phospholane) (6) in CDCl3, 101.25 MHz 
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Figure 4. 1H NMR spectrum of bis(phospholane) (6) in CDCl3, 250 MHz 
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? Synthesis: m-phenylenebis(acac) m-pbaH2 1 
 
 The m-pbaH2 1 is prepared under conditions similar to those used by Ramirez et al.14 for 
the ortho isomer.  The intermediate bis(phospholane) 6 prepared from 0.025 mol 
isophthalaldehyde 5 (see above) is dissolved in methanol (150 mL).  The 500mL round bottom 
flask contains the dissolved mixture which is refluxed for 1h.  Distillation of the product at 70oC 
removed methanol from the product.  Precipitation of the product occurred upon heating the 
residue to 80oC and placing it in an ice bath for 30 minutes, then placing the flask under N2(g) 
for 48h.  This white precipitate is collected on a buchner funnel & washed with t-butyl alcohol.  
The total weight of solid product is   2.74 g (39.6% overall yield).  The precipitate is dissolved in 
methanol and heated to 80oC then placed in an ice bath for the standard crystallization process.  
The crystallized sample had a m.p. 105-106oC.  
 
1H NMR (CDCl3) (Figures 5 & 6): (a) δ 1.91 (s, 12, CH3),  (c) 7.03 (s, 1, H-C=C), (d) 7.17 (d, 2, 
J=7.58 Hz, H-C=C), (e) 7.44 (t, 1, J=7.58 Hz, H-C=C), (f) 16.64 (s, 2, H-O-C) 
 
Mass Spectrum (GC/MS) (Figure 7): [M+] = 274 m/z, [M+-CH3] = 259 m/z, [M+-CH3CO +H] = 
232 m/z   
 
IR (Figure 8): 3020 cm-1 (H-C=C), 1602 cm-1 (C=O), 748 & 668 cm-1 (H-C=C) 
 
Anal. Calcd for m-pbaH2 (C16H18O4):  C, 70.05; H, 6.63.  Found:  C, 70.00; H, 6.56. 
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Figure 5. 1H NMR spectrum of m-pbaH2 (1) in CDCl3, 250 MHz 
 
 10
 Figure 6. 1H NMR spectrum of m-pbaH2, closeup 
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Figure 7. Mass spectrum (GC/MS) of m-pbaH2
 12
  
Figure 8. Infrared spectrum (FTIR) of m-pbaH2 (1), thin film from CHCl3 solution 
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? Synthesis: Cu4(m-pba)4,  3 
 
 The starting material m-phenylenebis(acac) (0.6959 g; 2.54 * 10-3 mol) is dissolved in 
methylene chloride (CH2Cl2) (40 mL) and extracted with a two fold excess of Cu(NH3)4+2(aq).  
A 125mL separatory funnel containing m-phenylenebis(acac) in CH2Cl2 is charged with 
Cu(SO4)·5H2O (1.267 g; 5.07*10-3mol) dissolved in H2O (40 mL).  Ammonium hydroxide 
(NH4OH) is added in excess by pipeting drop wise amounts onto the aqueous layer in order to 
form Cu(NH3)4+2.  Immediately the separatory funnel is stoppered and shaken for 2 minutes.  
The organic layer is washed with H2O and transferred into a funnel containing a filter with the 
drying agent Na2SO4.  The organic filtrate layer is evaporated to dryness overnight.  The olive 
green solid weighed 0.392 g (46 % yield).  Crystals of Cu4C64H64O16·2CH2Cl2 suitable for X-ray 
analysis were prepared over a period of several days by dissolving the olive green solid in 
CH2Cl2 and layering the solution with hexane.   
 
IR (Figure 9): 3020 cm-1 (H-C=C), 1568 cm-1 (C=O), 744 & 667 cm-1 (H-C=C) 
 
Mass Spectrum (MALDI-TOF) (Figures 10-13): [M+] = 1342-1347 m/z, [M+ -Cu1C16H16O4] = 
1008-1012 m/z 
 
UV-Vis Spectrum (chlorobenzene) (Figure 14 & 15): λmax = 545nm & 685nm  
 
Anal. Calcd for Cu4(m-pba)4 (Cu4C64H64O16):  C, 57.22; H, 4.81.  Found:  C, 57.43; H, 4.69. 
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Figure 9. Infrared spectrum (FTIR) of Cu4(m-pba)4 (3), thin film from CHCl3 solution 
 
 15
  
 
Figure 10. Mass spectrum (MALDI-TOF) of Cu4(m-pba)4
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Figure 11. Mass spectrum of Cu4(m-pba)4, closeup #1 
 
 17
  
Figure 12. Mass spectrum of Cu4(m-pba)4, closeup #2 
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 Figure 13. Mass spectrum of Cu4(m-pba)4, closeup #3 
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Figure 14. UV-Vis spectrum of Cu4(m-pba)4 and C60 in chlorobenzene, and  
spectrum of  Cu4(m-pba)4-C60 mixture, immediately after preparation 
 20
 
 
 
 
Figure 15. UV-Vis spectrum of Cu4(m-pba)4-C60 mixture, 24 hr after preparation 
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? Synthesis: bis azo sulfide 10 
 
 This reaction is based on a literature procedure for making p-cyanophenyl t-butyl azo 
sulfide.15  The thiol solution is obtained by dissolving 2-methyl-2-propanethiol (1.75 mL; 
1.75*10-2 mol) in EtOH 32 mL that had been placed in an ice-bath.  A 1L round bottom flask is 
placed in an ice-salt bath and charged with Na2CO3 (anhydrous) (13.8 g; 0.13 mol) dissolved in 
H2O (581 mL).  The 2-methyl-2-propanethiol and ethanol solution is added dropwise into the 
Na2CO3  solution.  The second part of the procedure is to form a diazonium salt of the m-
phenylenediamine.  A 1L beaker is placed in an ice-salt bath.  A slurry of ice (90.16 g) and conc. 
HCl (11 mL) is placed in the beaker.  A solution of NaNO2 (2.80 g; 0.041 mol) in (cold) H2O 
(5.2 mL) is slowly poured into the 1L beaker to form a HNO2 solution. 
 The starting material m-phenylenediamine 8 (1.03 g; 9.52*10-3 mol) is dissolved into an 
HCl (conc.) (8 mL) solution while in an ice bath.  This solution is charged into the HNO2 
solution to form the yellow-orange diazonium salt.  Dropwise addition of diazonium salt into the 
1L round bottom flask, which contained the thiol solution, gave a brown precipitate.  Addition of 
the diazonium salt into the thiol solution is done over a 2h period.  The product is filtered and 
air-dried overnight.  The product weighed 1.45g (49 % yield). 
 
1HNMR (CDCl3) (Figures 16 & 17): (k) δ 1.61 (s, 18, C(CH3)3), (g) = (i) 7.07 (dd, 2, J = 7.9 
Hz/J = 1.8Hz, H-C=C), (h) 7.58 (t, 1, J = 7.9 Hz, H-C=C), (j) 6.82 (t, 1, J = 1.8 Hz, H-C=C) 
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Figure 16. 1H NMR spectrum of bis azo sulfide (10) in CDCl3, 250 MHz 
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Figure 17. 1H NMR spectrum of bis azo sulfide (10), closeup 
 24
RESULTS AND DISCUSSION 
Initial attempts in preparing the m-pbaH2 ligand by photo chemically cleaving an azo 
functional group (Figures 18 & 19) proved to be difficult & unsuccessful.  Preparation of the 
                                                                                                                                         
Figure 18. Synthesis of m-phenylenebis(t-butyl azo sulfide) from m-phenylenediamine 
9 
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Figure 19. Proposed photochemical reaction 
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intermediate bis azo sulfide 10 (Figure 18) proved successful giving a stable molecule which 
could be irradiated to initiate a nucleophilic reaction.  The starting material m-phenylenediamine 
is reacted to couple with a nitrite group which forms the intermediate bis azo sulfide 10 (Figures 
18 & 19).    An alternative route was investigated after the intermediate bis azo sulfide 10 failed 
to give the desired product during the photochemical nucleophilic substitution.   
4
H O
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O O
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Figure 20. Initial reaction of phospholene 4 with isophthalaldehyde 5 
 Isolation of the desired m-pbaH2 ligand involved nucleophilic addition of the starting 
material isophthalaldehyde.  Construction of the organic ligand m-phenylenebis(acac) m-pbaH2 
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Figure 21. Synthesis of bis(phospholane) 6 
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which has allowed complexation with Cu(II) has been first characterized by this group.  
Incorporating the prevalent architecture of the crystal structure for m-pbaH2 gives insight into 
complexation with Cu(II).  The m-pbaH2 ligand has both acac functional groups in planes 
perpendicular to that of the benzene ring.  This is clearly shown by the crystal structure for m-
pbaH2 (see below).  This is most likely due to steric repulsion between the bridging phenylene 
group and the acac CH3 groups.  This means that m-pba2- complexes will probably also be non- 
planar.  
         
Figure 22. Conversion of bis(phospholane) 6 to m-pbaH2 1 
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The m-pbaH2 ligand is constructed via a bis(phospholane) adduct.  The phospholene 4, prepared 
from biacetyl and trimethyl phosphite, is reacted with isophthalaldehyde to form the 
bis(phospholane) 6 (Figures 20, 21 & 22).13  The intermediate forms an acac functional group  
through rearrangement forced by the loss of trimethyl phosphate which causes the formation of a 
benzylic carbonium ion.14  The final step in the process is recombination through acetyl 
migration to form the desired bis(βdiketone). 
 Identification of m-pbaH2 1 was confirmed by crystal structure analysis, which shows 
that both acac functional groups are in the enol form.  The intermediate bis(phospholane) 6 was 
used without further work up to prepare the m-pbaH2 ligand.  Isolation of the intermediate was 
unnecessary because it is not the final desired product, and because it was pure (as judged by 1H 
NMR).  The starting material of isophthalaldehyde was used in stoichiometric amounts for the 
reaction forming bis(phospholane) 6.  The biacetyl-phosphite adduct (phospholene) 4 was placed 
in a 2:1 ratio with the starting material and formed the neat solution.  After the bis(phospholane) 
6 is formed, it is cleaved by heating with methanol.  Most of the methanol is distilled off, and the 
reaction vessel is then heated and transferred to an ice bath which enables the precipitation of the 
product.  A continuous flow of N2 through the residue forms the m-pbaH2 crystals.  Conclusive 
mass spectrum (GC/MS) data was obtained for the parent ion (M+) of the m-pbaH2 ligand and 
minor fragmentations.     
 The Maverick group in the past has worked with β–diketones which coordinate to form 
dimerized cofacial complexes.  Our group’s recent endeavors involved the evaluation of physical 
properties between linear & cyclic oligomeric complexes which began with the formation of the 
cyclic Cu4(m-pba)4 molecule.  The target compound Cu6(m-pba)6 2 which was to be synthesized 
had given possible mixtures and of those mixtures Cu4(m-pba)4 may have been readily produced.  
 28
In theory a mixture of products can be produced through this self-assembly method (Figure 23).  
Typically dilute solutions always favor the formation of small rings over large rings, and rings 
over polymers.  This is because, if the solution is dilute, as a molecule is assembling, it will be 
less likely to collide with new pieces and more likely to collide with itself.  Assembly of tetramer 
3 will be favored over hexamer 2 because of entropy as long as the steric strain in the tetramer 3 
is not too great. 
 
  12 Cu+2  + 12 (m-pba)2- ? 3 Cu4(m-pba)4  (3) 
  12 Cu+2  + 12 (m-pba)2- ? 2 Cu6(m-pba)6  (2) 
Figure 23. Reactions to form cyclic molecules  
 The Cu4(m-pba)4 mass spectrum (MALDI, Figures 10-13) gives peaks at 1342-1348 
(m/z) which is a reasonable value for the parent ion.  Interpreting the spectrum affords the 
evaluation of additional peaks at 1008-1012 (m/z) giving confirmation that a cyclic or linear 
trimer, Cu3(m-pba)3 is also present.  In evaluating the abundance of the molecular ion peak at 
1342-1348 (m/z) the proportionality compared to the most abundant (100%) is only 3%.  
Construction of the fragmentation involves Cu3(m-pba)3 the trimer (Cu3C48H48O12) .  In the case 
of peaks at 1344.001 (m/z) & 1008.175 (m/z) the 63Cu/65Cu isotopes show natural percent 
abundance (70%-63Cu & 30%-65Cu) for related peaks at 1346.106 (m/z) & 1010.214 (m/z).   
Initial characterization of the reaction of m-pbaH2 with metal ion Cu(II) to form a 
coordination complex was given by infrared spectra.  Comparing the spectrum of m-pbaH2 
ligand with Cu4(m-pba)4 there is a shift in the absorbance for the carbonyl group.  The 
coordinated chelating m-pbaH2 ligand yields slightly reduced frequencies.  The decrease in 
 29
frequency is caused by weakening of the π bond for the metal coordinated carbonyl.  The peak 
for coordinated m-pba or Cu4(m-pba)4 is at 1568 (cm-1), and the peak for m-pbaH2 is at 1602 
(cm-1).   
    Figure 24. ORTEP plot of m-pbaH2 ligand 1 
Table 1.  Crystal Data and Structure Refinement for m-pbaH2
Empirical formula C16H18O4  V(Å3)  734.2 (4)  
fw   274.30   Z  2 
cryst. syst.  triclinic  λ(Å)   0.71073 
space group  P-1   Dx(Mg m-3) 1.241 
a(Å)   7.928 (2)   µ(mm-1) 0.089 
b(Å)   8.208 (2)  R1  0.054       
c(Å)   12.681 (4)  Rw  0.151 
β(deg)   73.113 (13) 
α(deg)   78.624 (15) 
γ(deg)   69.229 (12) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Crystalline products for m-pbaH2, and Cu4(m-pba)4 were found (Figure 24 & 25) suitable 
for X-ray analysis.  The organic ligand m-pbaH2 has an angle between the β–diketone groups 
(C9-centroid-C14) of 119.78o.  This is well suited for making cyclic hexameric metal complexes 
 30
such as Cu6(m-pba)6 2.  However, even in the tetramer Cu4(m-pba)4 3, the angle between β–
diketone groups (C3-centroid-C14) is almost unchanged, 119.4o.   
 
 
 
Figure 25. ORTEP plot of cyclic Cu4(m-pba)4 3.  H atoms 
omitted for clarity.  CH2Cl2 molecules of solvation are also 
shown. 
 
 
 
 
 Table 2.  Crystal Data and Structure Refinement for Cu4(m-pba)4
Empirical formula Cu4C64H64O16. 2CH2Cl2 V (Å3)  2029.5(14) 
fw   1513.24   Z  1 
cryst. syst.   triclinic   λ (Å)  0.71073  
Space group  P-1    Dx (Mg m-3) 1.251 
a (Å )    7.577 (3)   µ (mm-1) 1.221 
b (Å )   16.419 (6)   R1  0.092 
c (Å )   17.423 (7)   Rw  0.193 
β (deg)   92.57 (2) 
α (deg)   110.17 (3) 
γ (deg)   92.063 (15) 
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Crystal identification of the tetramer (molecular square) is performed in order to 
understand the atomic interactions within the lattice.  The molecular square has opposite Cu(II) 
which are equivalent; there are two independent Cu atoms, Cu1 & Cu2.  Distortion of the typical 
square planar geometry for coordination of β-diketonates with Cu(II) enables the formation of a 
molecular square.  Puckering along the faces for the molecular solid may have been inherent to                   
the steric effects caused by the m-pba ligand.   The angle between the β–diketone groups in 
Cu4(m-pba)4 is only slightly less than in the free m-pbaH2 ligand.  Distortions are persisting from 
the copper(II) atom’s coordination out of plane for the molecular square.  The dihedral angle 
between adjacent coordinating β-diketone planes for the Cu1 atoms is 18.43o (O5/O6/C17-C21 
and O1/O2/C1-C5, Figure 26).  In analysis of the dihedral angle for Cu2 atoms there was 
increased distortion between the β-diketone planes giving an angle of 28.41o for (O3/O4/C12-
C16 and O7/O8/C28-C32, Figure 27). 
Figure 26. Dihedral angle at Cu1. 
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Figure 27. Dihedral angle at Cu2. 
There are close intermolecular contacts in the crystal: an apical interaction with O3 from 
an adjacent molecule, related by an inversion center (1-x, 1-y, 2-z), Cu2---O3 = 2.646(3) Å.  The 
tetramers form chains via this double bridging interaction.  By having a pore diameter of 14.317 
Å  Cu2------Cu2׳ for Cu4(m-pba)4 (Figure 25) the cavity will allow for larger molecules to 
interact in host-guest interactions. 
  Host-guest interaction of Cu4(m-pba)4 with colorless Lewis bases pyridine and 
hexamethylenediamine occurs to give color changes for visual observation.  I made a solution of 
Cu4(m-pba)4 in CH2Cl2, and I added a few drops of the Lewis base.  This caused a color change 
from olive green to mint green.  Coordination of pyridine & hexamethylenediamine can occur as 
internal or external binding.  The guest binding changes the Cu(II) energy levels; these color 
changes are similar to those previously reported by our group for host-guest reactions of 
binuclear Cu(II) complexes.18 
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In this molecular square, coordination of the m-pba2- ligands to the four Cu(II) metal ions 
causes a distortion along the axial position of the metal center.  The corners of the molecular 
square have angles which are larger than 90o (119.40o).  These two elements of the molecular 
square’s architecture combine to give the host molecule a circular cavity.  The curved 
architecture of the fullerene C60 fits into the concave molecular square Cu4(m-pba)4, as judged by 
molecular modeling (Figure 28).  In the C60 molecule, π bonds can act as an alkene chelating 
functional group for direct bonding.19   In our Cu4(m-pba)4 complex, the π bonding in the β–
diketone ligands may enable π-----π interaction for the C60 molecule to coordinate.   
Figure 5. Proposed interaction of Cu4(m-pba)4 & C60
Figure 28. Proposed interaction of Cu4(m-pba)4 & C60
Transitions of orbital energies of the d- orbital for the eg (dz² and dx²-y²) become higher in 
energy than the t2g (dxz, dyz, dxy) orbitals.    In the electronic absorption spectrum for Cu4(m-pba)4 
the two bands are present at ca. 545 and 685 nm confirming the d-d transitions of the spectrum 
(see Figure 14).  Upon immediate mixing of an equimolar amount of C60 (guest, 1*10-4 M) into 
the Cu4(m-pba)4 (host, 1*10-4 M) solution, no substantial changes or shifts occurred, but there 
was a small increase in absorbance at ~700 nm when compared to the separate spectra of Cu4(m-
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pba)4 and  C60.  Over the next 24 hours, the color of the mixed Cu4(m-pba)4-C60 solution changed 
to orange (see. Figure 15).  These changes observed in the cuvette sample over time may be due 
to binding of C60 to the Cu complex, or to some other reaction of C60; there is not enough 
information from the spectra to make a definitive interpretation on the stability of these mixtures.   
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CONCLUSION 
 
 I have successfully prepared a new bis(β-diketone) ligand, m-pbaH2, and its “molecular 
square” cyclic Cu complex, Cu4(m-pba)4.  Some additional experiments that are appropriate for 
Cu4(m-pba)4 and related species are outlined here.  One approach in forming cyclic motifs is the 
arrangement of Cu(II) & ligands within the same plane.  The cyclic motif will be arranged by 
spacers m-pba2- and nodes Cu(II).  Additional coordination at copper’s axial site by guests such 
as 1,4-dithiane may be possible.  However, this additional coordination must be in the plane of 
the Cu4(m-pba)4 rings because of the orientation of the Cu-β-diketone moieties.   
 Formation of a cycle molecule from a linker similar t
napthazarin (linker) will incorporate viewing linear & cyc
oligomers that are formed from fused rings.  The chelatin
groups of m-pba coordinate in a plane perpendicu
benzene ring.  Instead, we could use a ligand such as 1,1-(4,6-dihydroxy-1,3-
phenylene)bis(ethanone) 11 with a 
hydroxyl-keto functional group which is 
directly attached to the benzene rings.  
This will cause metal coordination to 
occur in the same plane as the benzene 
rings.  In our future work, additional coordination can be attempted at coppers axial site, by 
incorporating Lewis base ligands such as Dabco & 1,4-dithiane in order to form nanotubes. 
o 
lic 
g 
lar to the 
HO OH
OO
11 
O
N
O
Cl
CHO
Cl
OHC
acac
POCl3
12
 The molecular ligand 1,1’-(4,6-dihydroxy-1,3-phenylene)bis(ethanone) 11 will be the 
initial ligand used due to its commercial availability.  Preparation of 4,6-
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dihydroxyisophthalaldehyde 14 as an organic linker for the planar cyclic structure can be 
pursued if no coordination occurs 
with 11.  The reaction sequence for 
producing 4,6-
dihydroxyisophthalaldehy-de 
begins with an iminoalkylation of unsaturated ketones.20   This will produce the intermediate 4,6-
dichloroisophthalaldehyde, 12.  The lability of the chlorine atom in 12 will make substitution 
possible.  The reaction 
proceeds through 
nucleophilic d
of the halogen to pro
4,6-dimethoxyisophthalaldehyde 13.
isplacement 
duce 
21  In generating the final product 4,6-
dihydroxyisophthalaldehyde the methyl ethers will be demethylated by iodotrimethylsilane.22   
ClCl
CHOOHC CHOOHC
OO
NaOMe
CH3OH
13
CHOOHC
OO OHHO
CHOOHC
Me3SiI
CHCl3
14 13
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